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SUMARY 

At present, the developed countries allocate large funds for the financing of some global programs 
of fundamental and applicative researches of development of hydrogen unconventional production 
technologies. One of these technologies is the photoassisted electrolysis. This technology is adopted 
in the researching works, whose results are presented in this paper. The experimental model 
includes like basic equipments: 100 W photovoltaic source, electrolysis battery press filter type, 
control unit of the electric energy discharged, accumulator, hydrogen stockage unit Five types of 
material have been tested for the electrolysis cell diaphragm: asbestos, Netrom- unwoven material 
from fibers of polypropylene, ion changing composite membrane - poly-sulfone support with an 
active layer of sulfonated poly-sulfone (PSS/PSf) and poly-sulfone support with cm active layer of 
sulfonated poly-eter cetone (SPEEK/PSf), ion changing membrane made from sulfonated poly-
etereter cetone (SPEEK). The tested system was working and there are exposed graphic and 
tabulated the tests results. The analysis of the experimental results in order to establish the 
functioning conditions of the system lead to the establishment of the optimal configuration of 
battery and of the functioning service of the assembly. 
Such a final conclusion of the experimental results of testing of the experimental model results the 
possibility of obtaining electrolytic hydrogen with a photovoltaic source, in an efficient system, 
proposing the promotion of Romanian research at the level of demonstrative installation. 
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INTRODUCTION 

The hydrogen can be considered like a synthetic fuel secondary energy bearer in the future 
epoch, later on the fossil fuel. 

So, on defines the concept " hydrogen saving" which will mark the next future. F.V. 
Veziroglu, the publisher of the revue specialized in hydrogen energetic problems " International 
Journal of Hydrogen Energy synthesizes some arguments in favor of hydrogen using like a 
energetic vector, produced on the basis of the technologies and unconventional sources: 
- the hydrogen concentrates the energetic sources of the primary dispersing energy; conversion 

possibility in various energy types; 
- it is an inexhaustible source obtained from water and by using it resulting again water; 
- the most clean and easy; it has a very good gravimetrical " energetic density"; 
- it can be stored up like a gas at a standard pressure or high pressure, like liquid or like metal 

hydride solid and consequently, easy transportable; 
- it offers the possibility of electricity storage through the water electrolysis coupled with 

combustion cells, combining with oxygen without problems; 
- the technological improvements and advanced materials using lead to a cheap hydrogen 
producing if it takes into consideration the imposed costs by ecological restrictions of fossil fuel 
economy. 

At present, in prospect of a large hydrogen using in the economy of the third millenium, the 
developed countries allocate large funds for the financing of some global programs of researching 
fundamental, applicative and of development of the hydrogen unconventional production 
technologies. One of these is the photoassistant electrolysis [1,2]. Also, on elaborate a lot of 
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projects: the polar hydrogen energetic system launched in last decade of the past siecle. Veziroglu 
in co-operation with El- Osta launched a particular model: on one hand to get the required quantity 
of electricity by covering the Mediterranean seaside of Libya with photovoltaic panels and on the 
other hand to produce hydrogen by water electrolysis for generating electricity during nights and 
days without sunlight 

For the reason of high electricity consumption, hydrogen electrolytic production can't be 
competitive with hydrogen production from hydrocarbons. Recently, all over the world on 
reconsiders this way of hydrogen acquirement thanks to next reasons : diminution of the price for 
hydrogen production through the low price of electricity produced in atomic station or through the 
using of regenerabil energetic sources making competitive with that obtained from fossil fuel. 
That's why, on finds new technical solutions. Thus, on of the new elements intervened is rise in 
operation temperature which determines an increase of current density. Using temperature between 
120 -150°C puts the problems of the diaphragms material which has to be a special one. So, it was 
released on market NafionR - a sulfonate poly-perflorinate.[3] 

Regarding the materials used there where an important progress launching solid electrolytes [4]. 
The advantage of electrolyser with solid electrolytes is the current densities of 5 to 10 times bigger 
than with conventional electrolytes but on the other side it has the disadvantage of using noble 
metal. On of this General Electric cells it obtains energetic efficiency 79 -90 % consumption of 33 
Kwh/h at a 1,24 V thermal efficiency 118 % for a 20 years life time. 

There is a lot of preoccupation regarding electrocatalytic materials. Thus, researches have been 
made of follows: for cathode Ni- Mo, Ni Raney, NiC02S4 and for anode Ni Raney + Re/Rh, Sro.s-
Ьао.зСоОз, Ni-NiOx, CoOx, C03O4 or on RTO3 materials named perovskite (R= rare earth, T= 
transition metal) like lanthanum ferrate [5,6]. 

Recently, these are some important progress in photovoltaic cells technology stipulating that it 
is possible to obtain cells with 18 % efficiency with costs of 0,2 - 0,4 $AV inst In this field the 
development of technical solutions is important, due to the cost in the first row. On passed from 
high purity mono-cryplantine silicon cells to polycryplantine silicon cells, cheaper but with lower 
efficiency, which leads to developing cells with non -cryplantine silicon. Recently, on the first 
place in thin filter technologies list there are those with non- ciyplantine silicon (а-Si) and those 
with poly-ciyplantine materials: Cu, In, Se, Cd, Te.In the financial evaluations of an investment, in 
order to obtain hydrogen by water electrolysis with photovoltaic panel, an important element is 
represented by the fixing system for which the costs are about 33-50 $/m2 at an efficiency of 85%. 

Because the photovoltaic networks as well as electrolysis are modular technologies it is possible 
to achieve costs that are able to promote the production of hydrogen in small capacities. It is 
important to show that the equipment's which have an implanted power of more then 2 MW, and 
for photovoltaic systems that are outside the interval 5-10MW are not economical. In this way the 
systems used for obtaining photovoltaic hydrogen can be convenient modulated in typified modules 
with powers of 5-10MW. 

Below, are presented some considerations regarding the quality of the system used for obtaining 
hydrogen through electrolysis with photovoltaic source, about adapting this system to the specific of 
the primary source of energy, solar energy. This specific in introduced in the system through the 
voltaic source of energy, whose essential characteristic is the variability of the energy supplied, 
because of the instability of the climate during the day, but also from the succession day-night or 
from the variations caused by the seasons. 
So: 

• A classic way is the one of couple it to a system of energy stockage; 
• Another approach would be that system that would use the proper functional capacity of 

the electrolyzor coupled directly to the photovoltaic source; 
• The third variant would consist of the adequation resulted from the previous, that is by 

the introduction or the taking out of from the system of some electrolysis capacities in 
order to correlate the quantity of energy produced or consumed. 
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The analyse of the system variants must be pammctrical, and for a pre-established size of the 
photovoltaic source, to keep count of the influence of the relation capacity of stockage/capacity of 
production upon the efficacy of the system, understanding by efficacy the functioning of the system 
at an optimal efficiency and by efficiency the achievement of minimum costs. 

PRESENTATION OF THE LABORATORY PLANT FOR PRODUCING HYDROGEN 
WITH PHOTOVOLTAIC SOURCE 

The basic concept of the research whose results are included in this paper is the one of 
transforming solar energy into hydrogen, technical materialized by a photovoltaic system of 
electrolysis wich, in order to function, is made of: 

The photovoltaic source, control unit of the electric energy discharged, accumulator, 
electrolyzor, hydrogen stockagc unit. The schematic circuit, of the laboratory plant is presented in 
figure 1. 

Figure 1. Schematic diagram of laboratory plant for photovoltaic source hydrogen 
production. 

SFV - photovoltaic source 
MF - photovoltaic module SM -12-36/100 
D - by-pass diode 
UCD - control unit of the electric energy discharged 
A - accumulator 
EZ - electrolyzor 
SH - hydrogen stockage unit 
The mode of connecting modules parallel 

EXPERIMENTATION ON THE LABORATORY MODEL. EXPERIMENTAL RESULTS 

The test for the functional characterization of the part components, and of the experimental 
model on the whole have been: 
A. Tests for the characterization of the functioning in natural environments of the photovoltaic 

source of continuous current; 
B. Tests for the determination of the electrical characteristics of the electrolysis battery of cells in 

different configurations; 
C. Tests for determining the functional behavior in natural conditions of the experimental model. 
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The tests from A category are used for experimental determination of the gap voltage (Uo) values 
dependence, respective short-circuit current 1K, in relation with values of solar radiation flux 
intensity Ip [7]. 
The testing method consist of photovoltaic power source exposed to solar radiation connecting, at 
the voltmeter terminals, in this case the voltmeter denotes (marks) the voltage values (UFO). And 
when the source is connecting at the ampermeter terminals, it marks values of I*. 
Simultaneous with the measurement of Uo or IK on measures the solar radiation flux intensity IB, 
that must take into consideration a radiation range of (100 -850 W/m2). Processing data consist of 
graphical representation: Uo =fo(Ip) and Isc = fsc Op) 
Consequently, using the rate of curve U - I of photovoltaic power source on approximates the 
characteristics U - 1 of source for different values Ip. 
The experimental results obtained during the A tests are graphically presented in figure 2. 
The tests from В category are used for functional characterization, by their characteristic, that is the 
U-I dependence of a lot of electrolysis battery configuration. These configurations are for any cell 
(1-5), for battery with 2 cells, (4-5) with 3 cells (3-4-5), with 4 cells (2-3-4-5) and with 5 cells. 
Analysis of characteristics U-I of different configuration about photovoltaic source U-I 
characteristics can deliver an option concerning optimal number of electrolysis cells for the battery 
composition from viewpoint of electrical power that is maximum in the situation of source-used 
optimum operation. 
The testing method consists of contact making one by one of cells and battery configuration 
maintaining at a power classical source of continuous current. 
The tests from С category are used for functional characterization of photovoltaic power source 
electrolysis battery experimental mode in field conditions and with various battery configurations. 
The testing method consists of all data measurement: the values of solar radiation intensity time 
dependence, the values of electrical current intensity and voltage, the values of gas tank bell relative 
movement in point of stored hydrogen volume measurement 
"The standard U-I characteristic of the photovoltaic source of 100W" based on the functional 

relations U0=fb(Ip), Isc=fsc(Ip)-
The В category tests, have been done, starting from the generalized conclusion that over 75% from 
the energy of the low incident radiation gets to the surface of the Earth with intensities of 
Ip>500W/m2. As a result, in the table no.l there are presented the experimental data's at 4 values Ip: 
440, 600, 700 and 800 W/m2. From the data's presented in the table results that the battery with 4 
electrolysis cells is in accordance with the photovoltaic source of energy, with a standard power of 
100W. 

Figure 2. U-I characteristic of 100W photovoltaic source 
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TABLE I. Optimum cells number determination for electrolysis battery 

lP[W/m2l 440 600 700 800 

No. ofcells 3 4 5 3 4 5 3 4 5 3 4 5 

и м 8,7 11 13,5 9,5 11,4 14 10,2 12,3 14,5 10,6 12,6 14,7 

I[A] 3,5 3.3 2,9 4,8 4,6 3,4 5,9 5,3 4 6,6 5,7 4,3 

30,4 36,3 39,15 45,6 52,44 47,6 60,18 65,19 58 69,9 71,82 63,21 

Optimum 
number 4 - 5 4 4 3 - 4 

The С category tests, have been done with electrolysis battery in 3 configurations: with 3, 4 and 
5 cells. In table II there are presented the results obtained at model laboratory experimentation. On 
ascertains the concordance between the functional characteristics of electrolysis battery and the 
characteristics of basis cells. 

TABLE II. С TIP EXPERIMENTAL RESULTS ON THE LABORATORY STAND FOR 

Electrolysis battery configuration With 3 
electrons! 
s cells 

With 4 
electrolysis 
cells 

With 5 
electrolysis 
cells 

Testing hours per day 4 5 4 
Solar radiation average intensity (W/mJ) 730 610 320 
Battery average consumed power (W) 49,5 51,2 27,0 
Average gas flow (Hi) output (l/h) 8,4 9,2 4,6 
Specific energy (kWh/Nm) 5,9 5,6 5,9 
H2 concentration in output gas (%) 99,8 99,4 99a 
From the graphical representation presented in fig.3, results that to the regime of functioning of to 
the assembly: photovoltaic source of continuous current - battery of electrolysis cells it corresponds 
the intersection point of the curve U-I, for each configuration of the electrolysis battery with the one 
of the functioning curve of the photovoltmctric source U-I. 
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Figure 3 Diagrams of some operating conditions 
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CONCLUSIONS 

Subsequent to the economy of the solid fuel, the hydrogen will become the fuel of the future, 
bearer of secondary energy. Technical literature brings a series of arguments that leads to the 
recommendation of hydrogen use as an energetic vector, produced of/on unconventional sources 
and technologies. One of these technologies is the photoasisted electrolysis of water. 

The photovoltaic system of electrolysis used in the construction of the experimental model, is 
technically materialized in: photovoltaic source of 100 W, the battery of 5 electrolysis cells filter-
press type, the control unit of the electric energy flow, accumulator, the storage unit of hydrogen. 

Five types of material have been tested for the electrolysis cell diaphragm: asbestos, 
Netrom- unwoven material from fibers of polypropylene, ion changing composite membrane -
poly-sulfone support with an active layer of sulfonated poly-sulfone (PSS/PSf) and poly-sulfonc 
support with an active layer of sulfonated poly-eter cetone (SPEEK/PSf), ion changing membrane 
made from sulfonated poly-etercter acetone (SPEEK). The electrolysis cells with diaphragm made 
of Netrom and with SPEEK/PSf diaphragm have close functional characteristics, the last one 
presenting also a lower specific consumption as well as a higher concentration of H2 in the collected 
gas. 

The tests made upon the photovoltaic panel of 100W lead to the data's obtained for the 
graphic representation of the functional relations Uo=fo(Ip) and IscHscOp) which presents a linear 
variation. 

The analysis of the experimental results in order to establish the functioning conditions of the 
system lead to the establishment of the optimal configuration of battery and of the functioning 
service of the assembly. 

As a conclusion, it has been proved on a laboratory model, the possibility of obtaining 
electrolytic hydrogen with a photovoltaic source, in an efficient system, proposing the promotion of 
Romanian research at the level of demonstrative installation. 
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